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I ABSTRACT 
A s  p a r t  of t h e  e f f o r t  under C o n t r a c t  951898, a program 
was undertaken t o  e s t a b l i s h  the technology necessary  t o  u t i l i z e  
a g o l d  a l l o y  a s  the b r a z e  m a t e r i a l  i n  t h e  f a b r i c a t i o n  of an  18" 
d iameter ,  w i r e  re in fo rced  mul t i cyc le  s t a i n l e s s  stee 1 r e v e r s  i n g  
b l adde r .  
I n  performance of the above, a l i t e r a t u r e  survey was con- 
duc ted ,  f l a t  p l a t e  specimens were f a b r i c a t e d  and t e s t e d  a s  w e r e  
t w o  (2) 11.5 i n c h  d iameter  b l adde r  s t r u c t u r a l  models. 
The ARDE go ld  b r a z e  e v a l u a t i o n  program was conducted i n  
con junc t ion  w i t h  a p r o p e l l a n t  c o m p a t i b i l i t y  s c r e e n i n g  e v a l u a t i o n  
a t  t h e  J e t  P ropu l s  ion  Laboratory.  
The r e s u l t s  of t h e  braze  e v a l u a t i o n  program showed t h a t  
s t r u c t u r a l l y  adequate  brazed  j o i n t s  be tween  r e i n f o r c i n g  wires 
and b l a d d e r  s h e l l  can be made u t i l i z i n g  gold b r a z i n g  a l l o y s  
compat ib le  w i t h  t h e  p r o j e c t e d  p r o p e l l a n t s  (N 0 and N H 2 4  2 4  
- 1- 
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1 I INTRODUCTION 
There i s  a need for a b raze  m a t e r i a l  which can provide  a 
s t r u c t u r a l l y  s a t i s f a c t o r y  at tachment  of the s t a i n l e s s  s tee l  re- 
i n f o r c i n g  w i r e s  t o  t h e  s t a i n l e s s  s t e e l  s h e l l  o f  a m u l t i c y c l e  
hoop r e i n f o r c e d  expu l s ion  b ladder  and a t  t h e  same t i m e  be 
compat ib le  w i t h  v a r i o u s  o x i d i z e r s  and f u e l  for long t e r m  s t o r a g e  
' a p p l i c a t i o n s .  To d a t e ,  copper h a s  been u t i l i z e d  s u c c e s s f u l l y  i n  
t h e  b r a z i n g  of t h e  w i r e s  t o  the b l adde r  membrane s i n c e  it e x h i b i t s  
good d u c t i l i t y  w h i l e  p rov id ing  s u f f i c i e n t  s t r u c t u r a l  s t r e n g t h .  
However, copper, a s  a r u l e  i s  n o t  compat ible  w i t h  some of the  
more e x o t i c  p r o p e l l a n t s  i n  use today.  The p r o p e l l a n t s  t o  be 
s t o r e d  and e x p e l l e d  by the bladder- tank assembly of t h i s  program 
(N 0 and N H ) for example, v igorous ly  a t t a c k  copper.  .Eence, 
t h e r e  i s  a need t o  develop a system i n  which a l l .  the m a t e r i a l s  
2 4  2 4  
0 
a r e  compatible  even though the b r a z e  m a t e r i a l  and t h e  con ta ined  
f l u i d  a.re p h y s i c a l l y  sepa ra t ed  by t h e  b l adde r  s h e l l .  A f u l l y  
compat ib le  system would then  provide added r e l i a b i l i t y  i n  t h e  
e v e n t  t h a t  any of  t h e  conta ined  o x i d i z e r  o r  p r o p e l l a n t  w e r e  in- 
a d v e r t e n t l y .  a l lowed t o  come i n  c o n t a c t  w i t h .  t h e  b raze  m a t e r i a l  
on the  g a s  side of t h e  b l adde r  e i ther  through negl igence  or  the 
permeat ion  of t h e  f l u i d  through an  undetec ted  f law i n  t h e  b l adde r  
s h e l l .  
- 2- 
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I11 SUMMARY 
The program undertaken r e s u l t e d  i n  the  s e l e c t i o n  of a 
gold b r a z e  a l l o y  which i s  compatible  w i t h  b o t h  n i t r o g e n  t e t r o x i d e  
(N 0 ) and hydraz ine  (N H ) as w e l l  a s  the development of the 
t echn iques  and t h e  e s t ab l i shmen t  of t h e  b r a z i n g  pa rame te r s  enab l ing  
t h e  use  of t h e  a l l o y  i n  the f a b r i c a t i o n  of s t a i n l e s s  s t ee l  b l a d d e r s .  
2 4  2 4  
I n  performance of t h i s  program, t h e  e f f o r t  was undertaken 
in four  phases  a s  follows: 
1, A l i t e r a t u r e  survey was conducted. 
2 .  F l a t  p l a t e  specimens were ' f ab r i ca t ed  and e v a l u a t e d .  . 
3 ,  Compa t ib i l i t y  t e s t i n g  was conducted. 
4. S t r u c t u r a l  b l adde r  models were f a b r i c a t e d  and t e s t e d .  
A .  L i t e r a t u r e  Survey 
A l i t e r a t u r e  survey was conducted which l e a d  t o  the s e l e c t i o n  
of t h r e e  (3)  c a n d i d a t e  a l l o y s .  The a l l o y s  s e l e c t e d  for  e v a l u a t i o n  
w e r e  N ico ro '80  w i t h  a composition o f  81.5% Gold, 16.5% Copper and 
2.0% N i c k e l  manufactured by t h e  Western Gold and Pla t inum Company: 
Engaloy 238 w i t h  a composition of 80% Gold and 20% Copper and 
Engaloy 255 w i t h  a composition o f  82% Gold and 18% Nickel., b o t h  of 
which a r e  manufactured by Englehard I n d u s t r i e s .  
-3- 
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B. F l a t ’  P l a t e  Specimens 
S i x t e e n  (16) f l a t  p l a t e  p e e l  t es t  specimens w e r e  f a b r i c a t e d  
and e v a l u a t e d  du r ing  t h e  course o f  t h e  i n v e s t i g a t i o n ,  The 
r e s u l t s  of t h i s  phase of t h e  program i n d i c a t e d  t h a t  each  of the 
three 
i n  a hydrogen atmosphere would p r o v i d e  a d u c t i l e  b r a z e  j o i n t  
e x h i b i t i n g  good w e t a b i l i t y  wi th  n e g l i g i b l e  d i f f u s i o n  i n t o  t h e  
p a r e n t  m a t e r i a l .  
was comparable t o  p a s t  exper ience  w i t h  specimens b razed  w i t h  pu re  
copper. 
(3)  a l l o y s  s e l e c t e d  when b razed  a t  a tempera ture  of 1900 +25OF 
The r e s u l t s  achieved w i t h  each  of t h e  a l l o y s  
C. C o m p a t i b i l i t y  Specimens 
. R e p r e s e n t a t i v e  samples w h i c h  had been c u t  from t h e  f l a t  p l a t e  
‘. 
spec imens  f r o m  each  of the a l l o y s  w e r e  immersed i n  b o t h  t h e  ox ide r  ’ . 
(N204) and t h e  f u e l  (N H ) a t  the Je t  P ropu l s ion  Labora tory  i n  
o r d e r  t o  a s c e r t a i n  t h e  Compat ib i l i ty  of t h e  a l l o y s .  
2 4  
The i n v e s t i g a t i o n  ind ica t ed  t h a t  each  of  t h e  a l l o y s  e v a l u a t e d  
was a c c e p t a b l e  for use  wi th  e i ther  of  t h e  p r o p e l l a n t s .  The 
r e l a t i v e  e v a l u a t i o n  of each  w i t h  r e s p e c t  t o  t h e  o t h e r  i n d i c a t e d  
t h a t  t h e  a l l o y s  w e r e  e q u i v a l e n t  from a c o m p a t i b i l i t y  s t a n d p o i n t  
w i t h  t h e  Ni t rogen  Te t rox ide  and t h a t  the Engaloy 255 appears  t o  be 
best wi th  t h e  Hydrazine whereas t h e  Nicoro 80 was the l e a s t  r e l a t i v e l y  
speaking .  -- 
D. S t r u c t u r a l  Bladder Models 
Two (2)  11.5 inch  diameter s t r u c t u r a l  b l adde r  models w e r e  
f a b r i c a t e d  u t i l i z i n g  t h e  Engaloy 255 a l l o y  a s  t h e  b r a z e  m a t e r i a l .  
-4- 
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The e v a l u a t i o n  o f  t he  b l a d d e r s  c o n s i s t i n g  of r e v e r s a l  tests i n  
a water  p r e s s u r i z e d  t es t  r i g  i n d i c a t e d  t h a t  t h e  performance of  
t h e  Engaloy 255 a l l o y  was comparable t o  pu re  copper and i n  no way 
d e t r i m e n t a l  t o  t h e  performance or o p e r a t i o n  of t h e  b l adde r .  
- 5- 
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IV DISCUSSION 
A.  L i t e r a t u r e  Survev 
A l i t e r a t u r e  survey  was conducted u t i l i z i n g  a v a i l a b l e  informat ion  
which l e a d  to  t h e  selection of three (3)  cand ida te  gold b r a z e  a l l o y  
c o n p o s i t i o n s .  
The survey was based  on f i n d i n g  an a l l o y  which e x h i b i t e d  good , 
d u c t i l i t y ,  good f l o w  and w e t a b i l i t y  c h a r a c t e r i s t i c s  wh i l e  p r o c e s s i n g  
h i g h  s t r e n g t h  a s  w e l l  a s  be ing  compatible  w i t h  Ni t rogen  Te&oxi.de 
and Hydrazine p r o p e l l a n t s .  
The survey r e v e a l e d  three (3)  a l l o y  composi t ions a s .  l i s t e d  
b e l o w  which appeared t o  posses s  the de ' s i rab le  c h a r a c t e r i s t i c s .  . 
The a l l o y  composi t ions w e r e :  
1. 82% Au, 18% N i  
2.  80% Au, 20% Cu 
3. 81.5% Au, 16.5% Cu, 2% N i  
A b ib l iog raphy  of t h e  l i t e r a t u r e  surveyed i s  con ta ined  i n  
Appendix A. 
B .  F l a t  P l a t e  Spec imens  
A series of f l a t  p l a t e  specimens w e r e  f a b r i c a t e d  i n  order t o  
e v a l u a t e  t h e  v a r i o u s  cand ida te  a l l o y s  w i t h  r e s p e c t  t o  w e t a b i l i t y  a s  
a f u n c t i o n  of t empera tu re ,  d u c t i l i t y  and s t r e n g t h .  
-. 
-6- 
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The spec imens  w e r e  f a b r i c a t e d  u s i n g  -008 t h i c k  304L 
s t a i n l e s s  s tee l  b l adde r  m a t e r i a l  and -094 d i ame te r  308 s t a i n l e s s  
s teel  w i r e  i n  accordance w i t h  t h e  dimensions a s  i n d i c a t e d  i n  
F igu re  1. 
a l so  shown i n  F i g u r e  2 .  
A r e p r e s e n t a t i v e  photograph of a t y p i c a l  specimen i s  
. 
The b r a z i n g  was accomplished i n  a hydrogen atmosphere 
u t i l i z i n g  a t e n  (10) minute hold t i m e  a t  t empera ture .  The b r a z e  
a l l o y  was a p p l i e d  i n  t h e  form of w i r e  w i t h  the specimens d iv ided  
i n t o  groups.  One group was brazed  us ing  ,010 d iameter  w i r e ,  and t h e  
o t h e r  group b razed  w i t h  .013 diameter w i r e .  A t empera ture  of 
1750 2 25'F was s e l e c t e d  a s  the i n i t i a l  b r a z i n g  teniperature based 
on vendor p u b l i s h e d  d a t a  f o r  the  l i q u i d u s  and s o l i d u s  tempera tures  
f o r  e a c h  of t h e  a l l o y s  b e i n g  eva lua ted .  These tempera tures  a r e  
t a b u l a t e d  i n  Table  I for each  of t h e  cand ida te  a l l o y s .  
0 I I 
TABLE I 
A l l o y  C o m p o s i t i o n  
Liquidus S o l i d u s  
Temperature Temperature 
Nicoro 80 . 81.5%Au - 16.5 Cu - 2.0 N i  1697 O F  1670'F 
Engaloy 238 80% Au - 20% Cu 1670'F 1666'F 
Engaloy 255 8 2 %  Au - 18% N i  1742'F 1742'F 
The i n i t i a l  specimens brazed  u t i l i z e d  t h e  Nicoro 80 a l l o y .  
However, t h e  tempera ture  was i n s u f f i c i e n t  and no flow of the b r a z e  
m a t e r i a l  was achieved.  The temperature  was subsequent ly  inc reased  
t o  1825 3 25'F w i t h  e x c e b l e n t  r e s u l t s .  A photograph of t h e  micro- 
s e c t i o n  i s  provided  j.n F igu re  3 ,  i l l u s t r a t i n g  the f i l l e t  which 
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FLAT PLATE SPECIMEN 
.008 Thick 
304L S t a i n l e s s  S tee l  
,093 Diameter  
308 S t a i n l e s s  Steel 
F I G U R E  1 
. /  
. .  .. 
_ .  
. i  
. ‘ j i  I 




Micro C r o s s  Sec t ion  of Specimen 
Brazed w i t h  Nicoro 80 Alloy 
Brazing Temperature - 1825'F 
Magnif icat ion - 2 0 0 X  
FIGURE 3 
-10- 
Report N o .  56001-1 
~ 
formed between t h e  w i r e  and the  f l a t  p l a t e .  I t  should  be noted 
t h a t  p a r e n t  m e t a l  d i f f u s i o n  was v i r t u a l l y  non-exis ten t .  
of t h e  specimens b razed  with the  ,010 d iameter  a l l o y  w i r e  w i t h  t h e  
.013 diameter  a l l o y  w i r e  showed no a p p r e c i a b l e  d i f f e r e n c e .  Based on 
t h e  r e s u l t s ,  no f u r t h e r  e f f o r t  was undertaken w i t h  the Nicoro 80 
a l l o y  r e l a t i v e  t o  e s t a b l i s h i n g  b r a z i n g  parameters .  Two groups of 
specimens w e r e  i n i t i a l l y  brazed u t i l i z i n g  t h e  Engaloy 238 and 255 
a l l o y s  a t  1825 i: 25'F. Review of t h e  micro-cross-sec t ions  i n d i c a t e d .  
t h a t  b r a z e  m a t e r i a l  had n o t  wet ted t h e  s u r f a c e  p r o p e r l y  w i t h  e i t h e r  
a l l o y .  An a d d i t i o n a l  se t  o f  specimens w e r e  t hen  brazed  a t  1900 i: 25OF 
which improved t h e  w e t a b i l i t y  of  both a l l o y s  comparable t o  t h a t  
Comparison 
. achieved  w i t h  t h e  Nicoro 80 a l l o y .  F i g u r e s  4 and 5 s h o w  r e p r e s e n t a t i v e  
micro-cross-sec t ions  of both a l l o y s  a t  b o t h  b r a z e  tempera tures .  
I n  o r d e r  t.o a s c e r t a i n  t h e  s t r e n g t h  of  t h e  b r a z e  j o i n t ,  t h e  , . 
f l a t  p l a t e  specimens were clamped i n  a f i x t u r e  and a load  a p p l i e d  t o  
t h e  w i r e  loop through a Tinius-Olsen t e n s i l e  t e s t  machine and t h e  
r e s u l t s  recorded .  A t a b u l a t i o n  of t h e  t e s t  r e s u l t s  i n  provided  i n  
Table  11. 
Review of  t h e  f a i l e d  specimens r evea led  t h a t  i n  each  c a s e  
f a i l u r e  was ,due  t o  t e a r i n g  o f  t h e  s imula ted  b l a d d e r  s h e l l  (-008 t h i c k  
304 m a t e r i a l )  r a t h e r  t h a n  a f a i l u r e  of  the b raze  m a t e r i a l  i t s e l f .  
The f a i l u r e s  which occurred  were a d u p l i c a t i o n  of those  exper ienced  
w i t h  copper brazed  specimens. The breakaway loads  a t  which the 
f a i l u r e  of t h e  specimens occurred was, i n  g e n e r a l ,  h i g h e r  t han  those  
expe r i enced  w i t h  copper i n d i c a t i n g  t h a t  a l l  of t h e  cand ida te  a l l o y s  
e x h i b i t e d  s t r e n g t h s  a t  l e a s t  e q u i v a l e n t  t o  copper b r a z e  i f  n o t  be t te r .  
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I Braze Temperature 1825OF 
Magni f ica t ion  200X U I 
Braze Temperature 1900'F 
Magnif icat ion lOOX 
Micro Cross Sec t ions  of Specimens 




Magni f ica t ion  2 0 0 X  
825'F 
Braze Temperature 1900'F 
Magnif ica t ion  lOOX 
M i c r o  Cross S e c t i o n  of Specimens 
Brazed w i t h  Engaloy 255 Alloy 
FIGURE 5 
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P e e l  Specimen T e s t  R e s u l t s  
Specimen Braze/ Braze Wire Braze Break- Run 
Alloy Dia , / in .  Temp./OF away - Load/lbs. S/N 
Load/I.bs. 
1 Nicoro 80 , 0 10 182 5 2 16 130/140 
2 -010 174 
3 ,013 262 
4 .013 286 
5 Engaloy 238 .010 224 
6 -010 232 ' 
11 I 1  I 1  
I 1  11 I 1  
I 1  I 1  11 
I t  140/160 
I 1  I 1  140/160 








1 5  
16 
I t  11 160/1SO . ,013 232 
I t  * * Engaloy 255 010 
I 1  11 -010 88" 80/80* 
I1 2 10/200 
I 1  150/170 
013 232 
.013 238 
,010 1900 N o t  Te s t e d  
I 1  , 010 I 1  11 11 
I 1  .010 11 I 1  I 1  
I 1  , 0 10 11 I 1  I 1  
* Poor b r a z e  or no braze achieved due t o  movement 
- -  




F l a t  P l a t e  T e s t  Specimen A f t e r  E v a l u a t i o n  
FIGURE 6 
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Based on t h e  foregoing  it appeared t h a t  each  of t h e  
cand ida te  a l l o y s  was accep tab le  fo r  use  , a s  a b r a z e  m a t e r i a l  i n  
m e t a l l i c  b l adde r  f a b r i c a t i o n  from bo th  a b r a z i n g  a s  w e l l  a s  a 
s t r e n g t h  s t a n d p o i n t .  
C. Compat ib i lLty  Eva lua t ion  
A group of 1/2" x 3/4" specimens w e r e  c u t  from t h e  f l a t  p l a t e  
b r a z e  specimens from each  a l l o y  group and forwarded to  t h e  J e t  
P ropu l s ion  Laboratory f o r  c o m p a t i b i l i t y  t e s t i n g  w i t h  b o t h  Nitrogen 
Te t rox ide  and Hydrazine. The e v a l u a t i o n  w a s  conducted a t  125'F 
w i t h  t h e  specimens f u l l y  immersed i n  t h e  l i q u i d .  
R e s u l t s  of t h e  e v a l u a t i o n  i n d i c a t e d  t h a t  a l l  of t h e  c a n d i d a t e  
a l l o y s  w e r e  compat ible  wi th  bo th  f l u i d s .  However, r e l a t i v e l y  
speaking  t h e  Engaloy 255 a l l o y  appeared t c r  be m o s t  c o n p a t i b l e  wi th  
Hydrazine; whereas t h e  Nicoro 80 was t h e  l e a s t .  
0 
Based on t h e  foregoing,  t h e  Engaloy 255 a l l o y  was chosen 
a s  t h e  a l l o y  t o  be used for  the s t r u c t u r a l  b l adde r  model e v a l u a t i o n .  
D. S t r u c t u r a l  Bladder Model Study 
Two (2)  11.5 inch  diameter s t r u c t u r a l  b l adde r  models w e r e  
f a b r i c a t e d  u t i l i z i n g  the  Engaloy 2 5 5 . a l l o y  t o  a t t a c h  ,094 diameter  
308 s t a i n l e s s  s t ee l  hoop r e i n f o r c i n g  w i r e s  t o  an .008 i nch  t h i c k n e s s  
304L s t a i n l e s s  s tee l  b l adde r  s h e l l .  A photograph of a r e p r e s e n t a t i v e  




. .  
S t r u e  t u r a  1 Bladder Model 
FIGURE 7 
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The u n i t s  w e r e  mounted i n  a water  p r e s s u r i z e d  r i g  and 
tested t o  d e s t r u c t i o n .  A p i c t u r e  of t h e  t es t  se t  up i s  shown 
i n  F igu re  8. 
The S / N  1 u n i t  achieved f o u r  (4) complete r e v e r s a l s  p r ior  
t o  f a i l u r e ;  whereas t h e  S /N 2 u n i t  ach ieved  three ( 3 )  r e v e r s a l s .  
F a i l u r e  i s  d e f i n e d  a s  any d e t e c t a b l e  leakage.  I n  each c a s e  f a i l u r e  
occurred  i n  t h e  b l a d d e r  s h e l l  and was i n  no way a s s o c i a t e d  w i t h  
t h e  b r a z e  m a t e r i a l .  I t  should be noted  t h a t  t h e  performance of 
t h e  b l a d d e r  was t y p i c a l  for  t h i s  c o n f i g u r a t i o n  a s  s i m i l a r  per-  
formance has  been recorded  i n  t h e  p a s t  w i t h  the  same c o n f i g u r a t i o n  
b l a d d e r  where copper was used a s  t h e  b r a z e  m a t e r i a l .  
Ac tua t ion  p r e s s u r e s  were i n  t h e  3 t o  5 p s i  range i n i t i a l l y ,  
i n c r e a s i n g  t o  t h e  7-10 p s i  range for  t h e  l a t e r  r e v e r s a l s .  This  
a g a i n ,  conpared f avorab ly  wi th  the expe r i ence  c f  copper brazed  
b l a d d e r s .  A series of photographs,  F igu res  9A through 9F of t h e  
S / N  1 u n i t  i l l u s t r a t e s  t h e  c o n d i t i o n  of t h e  b l adde r  a t  v a r i o u s  
s t a g e s  of t h e  t e s t i n g .  
0 
A photograph of t h e  micro-cross-sect ion o f  t y p i c a l  s e c t i o n s  
t a k e n  f r o m  each  of t h e  u n i t s  a f t e r  t e s t i n g ,  F igu re  10 A,  By r evea led  
t h a t  r e s u l t s  comparable t o  those ob ta ined  w i t h  the f l a t  p l a t e  
specimens had been achieved wi th  r e s p e c t  t o  the f i l l e t  formation.  
H o w e v e r ,  t h e  o v e r a l l  appearance o f  t h e  u n i t s  i n d i c a t e d  t h a t  an 
i n c r e a s e  i n  b r a z i n g  temperature  was warranted i n  order t o  improve 
t h e  flow c h a r a c t e r i s t i c s ' o f  the  alloy such t h a t  a more even and 
uniform f i l l e t  would form on  boil-I s i d e s  of the reinforcing w i r e s .  
Hence, it appea r s  t h a t  i n c r e a s i n g  the  b r a z e  temperature  t o  1950'125'F 
w i l l  ach ieve  the d e s i r e d  r e s u l t s .  
- 18- 
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S/N-1  U n i t  
P a r t i a l l y  r e v e r s e d  
th rough  t h e  i n i t i a l  
- 
S / N - 1  U n i t  
A f t e r  r e v e r s a l  No.1 
G o l d  Braze S t r u c t u r a l  Bladder  T e s t i n g  
FIGURE 9 
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S / N - 1  U n i t  
A f t e r  r e v e r s a l  N o .  2 
S / N - 1  U n i t  
A f t e r  r e v e r s a l  N o .  3 
. -- 
Gold Braze S t r u c t u r a l  Bladder  T e s t i n g  
FIGURE 9 
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0 
E 
S/N-1 U n i t  
A f t e r  r eversa l  No.4 
- 
F 
S/N-1 U n i t  
A t  f a i l u r e  
- 
I 
G o l d  Braze  S t r u c t u r a l  B ladde r  T e s t i n g  
FIGURE 9 
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- _-  
S / N - 1  U n i t  
M a g n i f i c a t i o n  l O O X  
B - 
S/N-2 U n i t  
M a g n i f i c a t i o n  l O O X  
Micro Cross S e c t i o n s  
S t r u c t u r a l  Bladder  Models Brazed w i t h  Ensalov 2 5 5  Alloy 
FIGURE 10 
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V CONCLUSIONS 
Repor t  N o .  56001-1 
1. The use  o f  the Engaloy 255 g o l d  b r a z e  a l l o y  f o r  the b r a z e  
m a t e r i a l  which a t t a c h e s  the hmp r e i n f o r c i n g  w i r e s  t o  t h e  
b l a d d e r  s h e l l  i n  no way compromised tile p h y s i c a l  pe r fo i*mnce  
of t h e  b l adde r .  
2. The a l l o y ,  based  on the  t e s t i n g  conducted a t  JPL,  appeared 
t o  be compatible  with both Ni t rogen  Te t rox ide  and. Hydrazine. 
-24- 
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